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objective. To review the use of sclerosing foam in the treat- 
ment of varicose veins, to describe the different techniques of 
foam preparation, and to report the complications of our 3-year 
experience with this treatment. 

method. From November 1997 to the end of October 2000, 
453 patients were treated with a sclerosing foam for large, me- 
dium, and minor varicosities with sodium tetradecylsulfate 
(STS) or polidocanol (POL). A 6rst group of 257 patients (90 
for minor varicosities and 167 for medium to large veins) re- 
ceived a sclerosing foam according to the Monfrcux technique. 
From December 1999 to October 2000, 196 patients were 
treated with a sclerosing foam prepared according to Tessan's 
method (36 for minor size veins or teleangectasias and 170 for 
medium-large veins). Every patient was studied with (color- 



flow) duplex scanning before and after the treatment and large 
vein injections were administered under duplex guide. 
results. The immediate success rate was 88.1% in the first group 
for the medium-large veins. In the same districts we registered an 
early success rate in 933% for the patients treated with the Tes- 
san's method. The complication rate (mostly minor complications) 
was 83% in the first group and 7.1% in the second group. 
conclusion. The use of sclerosing foam may become an es- 
tablished therapy in the treatment of varicose veins with a high 
success rate, low cost, and low major complication rate. Ac- 
cording to our actual experience and knowledge, the safe 
amount of foam should not exceed the 3-ml limit, but further 
advancements could come from standardization of the foam 



THE USE of sclerosing foam has been introduced in 
sclerotherapy with the aim of increasing the efficacy 
and safety of the treatment. In recent years many differ- 
ent techniques of foam production have been proposed. 

The definition of a sclerosing foam (SF) is a mixture 
of gas and liquid sclerosing solution (detergent type) 
with tensio-active properties. The gas must-be -well tol- 
erated or physiologic and the bubble size less than 1 00 u~ 
The behavior of sclerosing foam is different when in- 
jected, compared to the action of a liquid solution 
(Figure 1). , . s ■ 

The use of air and a sclerosing drug in combination 
was described in 1944 by Orbach: the air block tech- 
nique. 1 The sclerosing solution was added to air, sim- 
ply, shaking the syringe or the vial, with production of 
large bubbles which had a high air: liquid ratio and 
with increased efficacy only for smaller veins. The 
method was not suitable for larger veins where after 
the injection the air positioned itself along the upper 
side of the vein, impeding contact with endothelium. 
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Further advancement came then from subsequent 
innovations: Cabrera et al. 2 published an article about 
the production of a complex foam with C0 2 and an 
unknown tensio-active agent; In 1997, Monfreux 3 de- 
scribed the MUS method that generated a simple foam 
with air by means of a glass syringe; Mingo-Garcia 4 
recently developed a special device to produce foam 
with compressed air; in 1998 Benigni and Sadoun 
published a method to produce a very short-lasting 
foam in a plastic syringe, 5 '* and in 1999 Tessari 7 pre- 
sented an original method of foam production with 
two disposable syringes and a three-way tap. 

In 2000 Frullini* published a different method that 
generated foam in a vial of sclerosing solution, pro- 
vided that the vial has a rubber cap. The method was 
derived from the ideas of Lorenzo Tessari, and it uti- 
lizes the vortex effect that a disposable syringe and a 
relatively large connector can create into the vial with a 
fast push and pull action on the piston. With respect to 
the Monfreux method, Tessari's and Frullini's method 
may produce a foam with higher consistency, whereas 
the durability of the MUS foam is longer. Unfortu- 
nately long durability does not always mean good ther- 
apeutic effect because the latter is more correlated to 
high consistency for a minimum period of time in or- 
der to obtain optimal sclerosis. In the following article, 
me techniques will be discussed in more detail. 
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With these techniques excellent results have been 
reported in sclerotherapy of varicose veins by several 
authors (Cabrera, 2 " 9 Monfreux, 3 Henriet, 10 -" Sadoun 
and Benigni/-* Mingo-Garcia, 4 Sic*, 12 Cavezzi, 13 Tes- 
sari, 7 Frullini 14 -") with excellent immediate occlusion 
rate and very few complications. * ~ 

This article discusses the different methods of foam 
formation, our 3 year-experience with SF, and the 
possible future perspectives of this therapy. Moreover, 
we present our overall complication rate for 453 pa- 
tients treated with foam. 



Methods for Sclerosing Foam Production 

The Monfreux Method 

This method was initially reported by Monfreux in 
1995, but he claims he has used it for many years. The 
foam is produced in a glass syringe filled with 0.3-0.5 
ml of liquid. The tip of the syringe is then closed with 
a sterile plug and the operator must hold tension on 
the piston until 2-3 ml of foam are generated. A little 
training is required before using the technique to pre- 
pare a good quality foam. This SF is quite long lasting 
(even 3 h in vitro, probably up to 20 min in vivo) but 
it has a low consistency due to the relatively large di- 
ameter of the bubbles. Moreover, we demonstrated 
that the same technique and quantity of liquid can 
produce very different SF because it is very difficult to 
standardize this technique. 

This technique has a higher rate of side effects. This 
is probably because of the large size of the bubbles 
which easily spread along the vessels. Patients some- 
times experience dizziness or a confused state. These 
are self-limi ted side effects and they are of short dura- 
tion. Even if The true native of this symptom is still de- 
batable (liquid drugs may generate similar symptoms), 
the best treatment is prophylaxis, asking the patient to 
lay on the office bed for about 5 min after the injec- 
tion and avoiding excessive tension during foam gen- 
eration in order to produce smaller bubbles. Another 
limitation with the Monfreux technique is the use of 
glass syringes, which may be a problem for doctors 
and patients and which require additional work for 
sterilization. 

The Cabrera Method 

In 1997 Juan Cabrera reported about his experience 
with a special foam prepared with POL or STS and an 
unknown tensio-active agent The gas used was not air 
but C0 2 (or a different physiologic gas). Cabrera re- 
cently published the details and results of his tech- 
nique (up to 7 years follow-up with excellent results). 
The technology for developing this SF is currently un- 



der development in the UK and it will probably be 
available in the future. 

The Benigni-Sadoun Method 

This method is based on the use of plastic syringes and 
repeated and fast pulling and release of the piston. The 
method generates a medium-quality foam, but very-^ 
short lasting. ~ 



The Garcia Mingo Method 

Javier Garcia Mingo has developed a special device 
that uses compressed air to produce a foam suitable 
for sclerotherapy. We have no experience with this 
method and the only published experience is the one 
from the author. 

The Tessari Method 

In 1999 Lorenzo Tessari described an original method 
that uses two disposable syringes and a three-way tap 
to produce a high-quality foam with purified sodium 
tetradecylsulfate (STS). By this method the SF was pro- 
duced by. means of disposable material; later a dedi- 
cated kit was produced, in order to provide a prefilled 
syringe with sterile air. This made it possible to avoid 
the problems of using "nonsterile air" for injections 
and to avoid using glass syringes. This foam is very 
compact and with a very small bubble diameter. An- 
other advantage is the ability to reconstitute the foam 
if the treatment session takes time to be completed. 

The Frullini Method . — 

In 2000 Frullini proposed a new technique for SF pro- 



uutuuii. ™ i US ,u«.uo«.. v~ ,w— a-generation utilizes 
the same turbulence effect of the Tessari method. A 




Figure 1. Sclerosing foam. 
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small connector is inserted in a 5 ml vial of STS with a 
rubber cap, preferably partially emptied. A 2.5 or 5 ml 
disposable syringe filled with a predetermined amount 
of air is then-connected to- the system and, after posi- 
tioning the .vjalupside-down, quick injections/aspira- 
"lionyoflolutmn^arTper^ 

The foam can be aspirated for injections and reformed 
when needed, and, using a new syringe, the foam has the 
same consistency at reconstitution. The quality of the 
foam is related to the amount of air and liquid, the vol- 
ume and type of syringe and (scarcely) the number of 
passages, providing a minimum of five passages. 

Materials and Methods 

We have retrospectively reviewed our experience using SF 
analyzing the medical records of the treated patients. From 
1997 to 1999 we used the MUS technique, as described by 
Monfreux, in 167 medium or large veins. In the same period 
90 treatments of telangiectases or reticular veins were ad- 
ministered with the same technique. On average, 1.8 ses- 
sions were necessary for medium or large vein obliteration 
where STS was employed in 65% of cases and poUdocanol 
(POL) in 35%, and five sessions on average were performed 
in the treatment of reticular varices or telangiectases where 
POL foam was employed. With the MUS technique we have 
never utUized more than 4 ml of foam, produced on average 
from 0.4 to 0.6 ml of liquid drug with a tension on the pis- 
ton of the glass syringe for at least 1 minute. 

From the end of 199? until October 2000 we employed 
the Tessari technique in 196 patients using purified STS 
(87%); 26 patients were treated for minor varicosities and 
170 for medium-large varicose veins. The foam was gener- 
ated with a three-way up as described in the original tech- 
nique. A mean of 2.7 ml of foam per sessionwas employed. 
This was produced from 0.5 to 1.0 ml of STS 0.2-3% and 
2-5 ml of air with 20 passages in the tap. The number of 
sessions ranged from one to six according to the aim of the 
treatment, with an average of 1.8 sessions being necessary 
for large veins. 

During this 3-year experience with SF every patient was 
studied before the treatment with color-flow duplex investi- 
gation (CFDI) in the standing position, examining deep and 



superficial systems and perforators as well. Refluxes at the 
sapheno-femoral and sapheno-popliteal junction, or along the 
affected veins, were studied using the compression-release 
maneuver of the calf and the Valsalva test. 

The treatments were administered by the authors and an 
eccentric compression using a pad and a class 1 (20-30 
mmHg) or 2 (30-40 mmHg) elastic stocking was used dur- 
ing the daily period. When performing duplex-guided scle- 
rotherapy for the long saphenous vein (LSV) or for inguinal 
recurrence (neovascularization), the compression was gener- 
ally exerted only below the knee, except for those cases with 
grossly dilated varices at the thigh, whereas the compression 
involved the whole limb with pads (eccentric positive com- 
pression) over the varicose veins. In the treatment of telan- 
giectases a 18-mmHg compression was generally employed. 

Every patient was asked to walk nearly immediately afcei 
the injection and in the days after the treatment. One authoi 
(AC) left patients lying for about 5 min after the txeatmeni 
session in order to increase foam contact with the veins anc 
to possibly decrease its migration. 

Complications were classified as systemic and local or as 
major (life-threatening) or minor. 

In the posttreatment period every patient was investigatec 
by physical examination and by CFDI, and in cases of clini- 
cally detectable complications (ie, varicophlebitis), the pa- 
tient was followed up in the same manner until the recovery 

Results 

The overall result of foam sclerotherapy has been verj 
good with an immediate success rate of 88.1 % in the MUJ 
Technique group and 933% with the Tessari method (dm 
ical and instrumental follow-up at 20-180 days). 

In Tables 1 and 2, the complications of the two tech 
niques are reported. The complication rate was lower ir 
the patients treated with the Tessari method but a com 
parison between the two groups is not possible becaus< 
of the mismatch in patient populations and the drireren 
areas treated. Moreover, the first part of our expenenc. 
with the three-way tap method was used to create s 
standard technique and the complication rate at tha 
time was higher due to the learning curve. 



Table 1. Complications in 257 Patients Treated with Sclerosing 
Foam - MUS Method — 



Complication 



Pigmentation ■ 

Varicophlebitis 

Transient confusional status 

Transient visual disturbances 

Partial popliteal dvt 

Skin necrosis 



'Twice in the same patient in different sessions. 



Table 2. Complications in 196 Patients Treated with Sclerosing 
Foam, Tessari's Method 



Varicophlebitis 
Malaise 

Transient visual.disturbance 
Partial DVTO gastrocnemius vein 

thrombosis due to technical mistake 

and 1 popliteal thrombosis) 
Lymphedema worsening 
Skin necrosis 
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' Discussion 

The use of air in sclerotherapy was introduced by Or- 
bac h in 1 944 with the air block technique.> his ini- 
tial group of 297 patients he registered no gas embo- 
lism. Experimental experiences on animals in 1934 by 
Harkins and Harmon 17 and in 1937 by Richardson et 
-aU 8 demonstrated the -safety-of a small amount of air 
injected in a relatively small period of time. In 1997 
Henriet 15 revised these experiences and analyzed the 
passage of air in the general circulation in different 
conditions as extracorporeal circulation or during the 
gas-echocardiography used to study septal defects. In 
this technique an embolus of 5-10 ml of air is injected 
to demonstrate interatrial or interventricular defects. 
In his experience in 3200 sessions with a sclerosing 
foam (Monfreux's method) for minor varicosities, Hen- 
riet reported only a few minor complications and six 
side effects, possibly related to the use of air (three 
transient visual disturbances, two headaches, and one 
vomiting). 

Our findings confirm that the use of an air sclerosing 
foam is as safe as liquid solution in terms of major com- 
plications (eg, pulmonary embolism, deep vein throm- 
bosis, ischemic lesions, allergy, etc.), but it is our opin- 
ion that the total amount of foam injected per session 
should never exceed 3 ml, apart from very selective in- 
dications (ie, large saphenous stems, obese patients) and 
a minimum interval of 7 days between sessions should 
be respected. Future enhancements of the methods will 
allow the use of a larger amount of foam, and recent 
experiences of a few Australian colleagues (unpublished 
data) seem to favor large quantities of SF. 

The advantages of sclerotherapy using SF are based 
on several theoretical and practical considerations. When 
the injection of a liquid sclerosanHs performed, the 
concentration in the syringe is related to the dilution 
that will be obtained in the vein; it must be a high con- 
centration because mixing with blood is unavoidable, 
leading to the action of a diluted drug on the endothe- 
lium. If the threshold level is reached, the sclerosing ef- 
fect will start. This process is related to the concentra- 
tion in the syringe, the volume of blood in which the 
drug will be diluted (which can be hardly judged from 
the diameter of the vessel), and the speed of injection. 

We can think of an experimental model where 1 ml 
of 3% STS is injected with a needle in a 10-cm seg- 
ment of vein containing 10 ml of blood. The final con- 
centration of the active drug on the inner vessel wall 
will be 0.3%. . . . 

Using a foam prepared with STS 1%, injection in 
the same vein segment will push away the blood when 
the foam bolus reconstitutes in the vein. In this situa- 
tion the foam will come in contact with the endothe- 
lium and the sclerosing effect is achieved. 



When SF is injected the physics of the injection are 
completely different. The foam is made of tiny bubbles 
of gas "covered" by the tensio-active liquid. The latter 
Js^ure and the quantity of sclerosing drug in 1 ml of 
foam is related to the size of bubbles: with little bub- 
bles, the foam will be highly active; large bubbles form 
poorly active foam. We should look at the sclerosis 
with foam as an active dynamic process; the interac- 
tion with endothelium forms links with cellular mem- 
branes and the higher the dose of drug per ml of foam, 
the higher the number of links between the SF and en- 
dothelium. Large bubbles of foam, even if it seems to 
last more in vitro, has a weaker effect because there is 
less sclerosing drug available for this linkage. 

If we use SF, endothelial cells of large and minor 
veins should probably respond to the sclerosing agent 
at a given concentration in the same manner. The same 
concentration of sclerosing agent can be suitable for 
large and small veins (even saphenous stems of 6-10 mm 
have been successfully treated with low-concentration 
SF of purified STS) and this finding could change the 
decision-making process of, sclerotherapy, due to the 
fact that lower concentrations and low doses of liquid 
couid be used. 

We can identify several peculiar properties of foam: 
adhesiveness, compactness, long lasting, echovisibility, 
enhancement of sclerosing power and reduction of 
drug doses and concentration. In fact, the SF adheres 
to the venous inner wall and with proper maneuvers it 
is possible to push the foam downward in collaterals 
and upward, close (not too close) to deep veins with 
low risk of propagation. The compactness is related to 
the size of the bubbles, and when this size is suffi- 
ciently small, no (or poor) mixing with blood occurs 
in the vein in the first moments after the injection; this 
results in a closer relationship between the injected 
dose and the final result. 

The durability of the foam is related to bubble size, 
the tensio-activity of the liquid solution, and the con- 
ditions in which the SF is formed and kept. The air 
contained in the SF explains the echovisibility of the 
foam: in our opinion this is one of the biggest advan- . 
tages when performing duplex-guided sclerotherapy, 
because it gives an enhanced view of the process, bet- 
ter identification of the injected flow, and the chance 
to push the SF in a safer way near the sapheno-popliteal 
or sapheno-femoral junction, or within the collaterals- 
under direct visualization. 

The increase in vein spasm generated by each injec- 
tion is commonly reported by foam users and it may 
sometimes be dramatic with vein diameters that sud- 
denly change from 15 mm to 3 mm. Another property , 
of SF is the reduction of drug doses: 0.4-0.5 ml of liq- 
uid solution carl be transformed in 2-2.5 ml of foam. 
Higher amounts of foam can be produced from the 
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same quantity of liquid according to the volume of air 
used, but the best dilution with the Tessari method, in 
our experience, is 1 to 4 or 1 to 5. 

Conclusions 

The use of sclerosing foam in the treatment of varicose 
veins 4s-becoming an established therapy with a high 
immediate success rate, low cost, and low complica- 
tion rate. Only a few non-randomized studies have 
been published and they have a short- or medium- 
term follow-up with good outcomes. Future studies 
are needed to elucidate the advantages of SF over liq- 
uid drug use in sclerotherapy, but our first outcomes 
highlight a major benefit from the use of SF, without 
any compromise of safety. Long-term results may show 
a recanalizatiOn rate similar or lower than traditional 
sclerotherapy outcomes, but the positive meaning of 
SF subsides in its low costs (low doses and low con- 
centrations of drug), safety (extravasation of SF is less 
harmful than pure liquid), feasibility, and immediate 
sclerosis enhancement 

'"The safe amount of injected air is* at the moment, i 
ml per session. Further experiences" with more com- 
pact foam, smaller bubble size, or with other physio- 
logic gases could probably increase the total amount 
of SF that could be safely injected. There is no large 
published experience at the moment with gases other 
than air in foam production and this prevents making 
judgments about other gases in sclerotherapy. The over- 

-ill impression concerning sclerosing foam is in favor 
of enhanced sclerosing power, which should contrib- 
ute to the diffusion of this technique, even expanding 
sclerotherapy indications for the treatment of varicose 
veins of the lower limbs. Other authors have used SF 
irTthe^litnWf of male varicocele, pelvic congestion 
syndrome, and venous malformations. 

The three cases of thrombus propagation in the deep 
vein system (even if one was due to a technical error) 
during duplex-guided sclerotherapy of short saphenous 
vein insufficiency suggest that the total amount of foam 
to be injected in this area should not exceed 1.5 or 2 ml; 
furthermore, additional precautions should be taken 
(ie the slight elevation of the foot, with the patient in 
procumbent position, in order to lessen, the chance of 
foam propagation in the deep venous system, and the 
execution of the uppermost injection far away from 
the sapheno-popliteal junction), as well as the high rate 
of minor complications (necrosis, pigmentation, vem 



inflammation) with SF in sclerotherapy of reticular va- 
rices and telangiectases seems to indicate a rearrange- 
ment concerning the use of SF in these cases; particu- 
larly in telangiectases injection, SF has demonstrated 
high efficacy, but local minor side effects can be ex- 
plained with the augmented power of SF (if compared 
to liquid solution) and with the need for more infor- 
mation on the ideal procedure to manage sclerosing 
foam in the treatment of telangiectases. 
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